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A radiation evaluation was performed on QOZLOCJQ and P44016JK (16 MBit DRAMs, S-volt and 3.3-volt,
respectively) 1o determine the total dose tolerance of (hese parms. A brief summnury of the test resuits is provided
below. For detailed information, refer ro Figure | and Tables I through IV,

The total dose testing was performed using a Co® gamna ray source. During (he radiation testing, five parts of
each type were irradiated under bias {(sec Figure | for bias configuration) and one part of cach type was used as a
control sample. The total dose radiation levels were 2.5, 5,10, 15, 20, 30, 50, 75 and 100 krads". The dose raie
was between 0.08 and 1,25 krads/homr (see Table I for radiation schedule). After each radiation gxpusure, parts
were electrically tested according to the test conditions and the specification limits™ listed in Table IT. The
electrical tests included six functional tests. These were as follows: 1. SIMPLE FUNCTIONAL TEST {which
consists of randomiy avcessing two addresses without using the alporithmic pattern penerator), 2.
COL_ADDRESS, 3. ALL_ONES, 4. ALL_ZEROS, 5. CHECKERBOARD & INVERSE CHECKERBQOARD, 6.
SURRQTIND,

QO2T.00J0 (S-volt part tvpel:

All irradiated parts passed all functional and electrical wests up to and including the 50 krad irradiation level After
the 75 krad irradiation, one of the five irradiated parts (/N 64) exceeded the maximum specification limit of
10 pA for IIL, with a rending of >123% KA (this was the preset limit of the test equipment} and excecded the
maximum speiification limit of 2 mA for ICC2, with a reading of 4.9 mA. Al parts coniinned to pass all
fanctional tests and all other irradiated Pauts continued to pass all other slectricai parametric tests.

After the 100 krad irradiation, four of (he five irradisted parts (S/N 62, 64, 65 and 66) exceeded the maximun
specification limit for IIL, with readings of 128 uA and S/N 64, 65 and 66 exceeded (lie maximum specification
limit for ICC2, with readings of 16.0, 5.4 and 6.6 mA, respectively. In addition, S/ 64 margintally excesded the
maximum specification limit of 75.0 mA for ICCI, wilhi a reading of 75.2 ma, and marginally exceeded the
maximum specification limit of 65.0 mA for ICCY, wilh # rending of 65.1 mA. All parts continued to pass all
functional tests and all other irradiated parts continued 10 pass all other electrical paramefric tests.  After annealing
for 168 hours at 25°C, all five of the irradiated parts showed the same degradatiuvn, but continued to pass all
fianctional tests.

Aller annealing for 168 hours at 160°C, 311 parts except one rccovered to within specification limits for all [T and
ICC tests. One part (8/N 64) continued 1o exceed specification limits for 1CC2, wirh a reading of 2,2 mA. No
tebound effects were observed,

" The term rads, as used in this document, means rads(Si0:). Al radiation levels cited nre cunmulative,
These are manufacturer’s pre-irradiation data specilivation limits. No post-inadiation linits were provided by

the manufacturer at the ting (hese tests were performed.
F
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PA4016JK (3.3-volt patt tvpe):

All parts passed initial clectrical measurements. All parts passed all electrical parametric and fimetional tests up to
and including the 20 krad level.

After the 30 kiad jeradiation, 8/N 67 and 70 cxceeded the waximum specification limit of 10 1A for I, with g
reading of >128 uA (this was the Preset imit of the test equipment). Afl parts continued to pass all functional tests
and all other irradiated parts continned (o pass alt other electrical parametric tests,

After the 50 krad irradiation, all irradiaied pars showed the saine degradation in IIL, [n addition, all irradialed
parts exceeded the maximum specification limit of 2.0 mA for ICC2, with rcadings ranging from 2.2 to 16 mA and
exceeded the maxium specification limit of 1.0 mA for 1CC5, with readings ranging fram 22 10 16 mA_ Al
parts continued lo pass all functiona] tesis and all irradiated parts continwed to pass all other clectrical parametric
TCsts.

After the 75 krud irradiation, all irradiated patts continued to show the same degradation in ITL, IC'C2 and ICC5,
with all parts reading approximately 16.0 mA for both ICC2 and 1CC5. In addition, 8/N 67 excesded the
maximum specification limit of 65.0 nA for TCC4, with a reading of 70 4 mA and S/N 67 exceaded the maxinmm
specification limits for ICC1 through ICC6, with readings ranging from 15 10 97.1 mA. At this itradiation Jevel,
various timing ineasurement faitures were also obscrved,

After the 100 krad irradiation, the following degradation was observed: S/N 67 and 68 failed all six fanctional
tests, 8/N 70 failed Functional Tests # 2-6 and $/N 69 and 72 failed Functional Tests # 2-5. All irtadiated parts
continued (o show similar degradation in T and ICC) through 1CCs.  In addition, S/N 67, 68, 69 and 72 [l
below the minimum specification limit of 0.8 V for VIL_3.0V, with readings ranging from 0.7 to -0.1 V. /N §7
and 6¥ also exceeded the maximum specification limit of 2 4 V for VIH 3.0V and VIH_3.3V, with readings ol 3.1
Vand 3.7 V, respectively. S/N 67 and 68 also fell below thie minimum specification limir of 0.8 V for VIL 3.3V,
with readings of 0.1 V. Timing measurement failures continued to be observed.

Alter armealing for 168 hours at 25°C, almost no fecovery was seen in the functional faflures (S/N 70 passed
Functional Test # G), $/N 69, 70 and 72 recovered to within specification limits for all VIl and VIL tests.
Degradation in I and various ICC tests and timing (easurements continued to be chserved.

Aller annealing for 168 hours at 100°C, all irradiated parts passed all functional and electrical parametric tests.
No rebound effects were vbserved,

Table 1V provides a summary of the mean and standard deviation values Jor each parameter after each irradiation
exposure and annealing step,

Comparison of 3-volt ynd 3 3-volt Part Types:

The S-volt part type (QN210070) began to show degradation in ICC at the 50 krad level and in LIL at the 75 krad
level. No functional faitures were observed up to and including the 100 krad level.

The 3.3-voll part type (P440167K) began Lo show degradation in 1L at the 30 krad level and in [CC ar the 50 krad
level, Mumercus timing failures begun to oceur at the 75 krad level, and all irradiated parls failed at least four
functional tests after the 100 krad irradiution

Any further detsils about this evaluation cun he obtained upon request. It you have any questions, please call me at
{301} 731-8954.
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ADVISORY ON THE USE OF TIIIS DOCUMENT

The informatéon contained in this document has been developed solely for the
purpose of praviding general gwidunce to cmployees of the Goddard Space
Flight Center (GSFC). This document may he distributed oulside GSFC only
48 a courtesy ¢o other government apencies and contractors, Any distritution of
this documeni, or application or use of the information contained herein is
expressly conditional vpon, and is subject to, the following undersiandings and
limitations;

(8} The information was developed for peneral gnidance only and is subject to
change at any time;

(b} The inforwmtion was developed under wmique GSFC laboratury conditions
which may difTer substantially from outside conditions;

() GSTC does not warrant the accuracy of the information when applied or
used under other than ynique GSFC laberatory conditions;

(d) The information should not be construed as a representation of product
performance by either GSFC or the manulaciarer;

{¢) Neither the United States government nor any person aciing on behalf of
the United States government assumes any lisbility resulling from the
application or use of the information.
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\/{; (. Figure 1. Radiation Bias Circuit for QU2LOGJQ
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\] Figure . Radiation Bias Circuit for PA40[6]K
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TABLE L. Part Inlormation

Generic Part Numbers;
Parts and Packaging Part Numbers
Parts and Packaging Conirol Number:

Charge Numbcr:
Mannfacturer:

Lot Date Codes (LDC):

Ouantities Tested:

Serial Numbers of Control Samples:
Serial Numbers of Radiation Samples:

Part Function:
Part Technolopy:
Package Style:
Test F?.q_uipmem:

Engineer:

* No radiation tolerance/hardness was guaranteed by the manufacturer for tus part.

QU2LOOIOH
P44016JK

QO2L.08JQ
P44010/K

15054
15053

EE61%15
BM

QO2LOMIQ: 9314
P4401GIK: 9352

QUILOVIG: 6
P4A0IGIK: 6

QOZLO0)Q: 61
P44010JK. 67

QUILOOJQ: 62, 63, 64, 65, 66
P44016JK: 68, 49, 7071, 72

16 MBuL DRAM
CMOS

24-pin SOJ (plastic)
3-30

C. Ngnyen



CAREPORTS'296. DO

TABLE {l. Radiation Schedule for QU2LO0JQ and P44016TK.
1) INITTAL CLECTRICAT. MEASUREMENTS. ... ...,

2) 2.5 KRAD IRRADIATION" (0.16 KRADSH—IDURJ

POST-2.5 KPAD ELECTRICAL MEASUREMENT ...,.............___.

3) 5 KRAD IRRADIATION (0 16 KRADS/HOUR) ...

POST-5 KRAD ELECTRICAL MEASUREMENT .o

4) 10 KRAD TRRADIATION 0.30 KRADS;’HOURJ.-

POST-10 KRAD ELECTRICAL MEASUREMENT ...~
5) 15 KRAD IRRADIATION (0.08 KRADSHOIUR) . _.....ccovvio

POST-15 KRAD ELECTRICAL MEASUREMENT . e

6} 20 KRAD TRRADIATION (.18 KRADSTIOUR) ...
POST-20 KRAD ELECTRICAL MEASURGMENT .......... R

7) 30 KRAD IRRADIATION (0,67 KRADS/HOURY ..o
POST-3¢ KRAD ELECTRICAL MEASUREMENT , ...

3) 50 KRAD IRRADIATION (1.25 KRADSHOUR) ..o oo

POST-50 KRAD ELECTRICAL MEASUREMENT .. ...

8) 75 KRAD IRRADIATION (0,23 KRADS/HQUR) ...
POST-75 KRAD ELECTRICAL MEASUREMENT ............. . e

8) 100 KRAD [RRADIATION {0.71 KRADS/HOUR)
POST-100 ERAD ELECTRICAL MEASUREMENT...... ... " P

14) 168-HOUR ANNEALING @25°C oo e
POST-168 HOUIR ANNEAL ELECTRICAL MEASUREMENT...... ..

15) 168-HOUR ANNEALING (z; 100°C. ...

POST-168 HOUR ANNEAL ELECTRICAL l\«[EASURJ:.MENT

" PARTS WERE IRRADIATED AND ANNEALTGD UNDER RIAS; SEE FIGURE 1.
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Table Ulx. Electrical Characleristics of QO2L00J
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Table ITTh. Electrical Characteristics ol P44016JK
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TABLE 1Va: Summary of Functional Tests after Total Dose Exposures and Annealing for Q021L00JQ

Total Dase Expasure (hrads) Annealing

# Functionul Teta /3 Initial 2.5 5 10 1% 20 0 50 75 109 1A kn@25°C | 1568 Mm@ L00eC
L |VeenS 0% VIERIY,ViknS 0V Fraqshi: |- p-. ; : : i g
2 [Ver=5.8V. V=007 VIb=5.0V Freq-5\iH:
3 [VoeS0V Vil WY V=5 0V, Freqshim |
4 |Vee=£ 0¥, Vil =00V, Vik et 0 V. FreqwSMH;: :
L ¥era§, IV, Vil=.0V, ¥ib=5, 0V, Freg=Spnyy, .
§ | Vers0V,Vil=0.0%, ¥Ihest OV Fraqushis

Spec. Lbm.f3
# Paramieters  Thits  min  meag
| 1 VIH_4.5v v q 2.4
1 |VIH_S.5v v ] 2.4
3 VI 4,57 v | e8| 45 R
1viLssy | v [ og | s5s o4 ) i
5 1| pa | a0 | 10
& |HLi4 pa | -0
T 1oz e | -10
¥ 1021, ud -10
% {ICH ma | 0
0 Iz mA L]
11 103 nrd L
12 |ICC4 mA i}
i3 [iccs mA | B o
14\ JCCa mai d A0
16 [TAA LI 9 i
16 (TAA NI ne 0 FHET
Mates:

1/ The mean and standard deviation values were calculated over the five parts rradiated in this testing,
The control sample remained constant throughout the testing and is not included in this tahie.
2/ "P" indicates that all pans passed this test at this irradiation or annealing level. *F" indicates that all parts
failed this test at this irradiation or annealing level. "nPmF" indicatcs that n parts passed and m parts
failed this test at this imadiation or annealing level,
3/ These are manufacturer's pre-uradiation data shest specification limits. No post-irradiaticn limits
WETE provided by the manufactarer at the time these tests were performed.
4 After ihs 75 krad uradiaticn, somc parts had readings exceeding the preser lmits of the test equipment (128 pA).
Test results are then indicated as Pass/Fail, as in note 2.
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TABLE IVb: Summary of Functional Tests after Total Dose Exposures and Annealing for P44016JK
[

¥ Funcdonal Tests /2

Total Doze Expasure (kradn)

Anpnealing

2.5

15

ia

30

75

1 vuaw,wl:u.nvmm.i‘nqﬂm; :

Initial

8

50

1568 hroa 250

168 hes@lH=C

Ver3 3V, VHSLIV, ¥ibm3 3V, Freq=SaHx

Vi3 I¥ Vi) IV, Vih=3 3¥ FreqesMHy

2

3

4 Vee=3. 3V Vil=h0V, Vika3 IV Freq-SMH:
E

[Fee3 3V V=00V Vik=3.3% Freq=shths | .8 F

ﬂ}'u:ﬂ_“,\-',Vil=ﬂ.I".'r'il1=3.3\-',]'rtq=52\fﬂz P )
Spec. Lim /3 Enitial 1. 10 L€ i@ Ta0oC

F Parumeters Units e poax | mean =d mean wd mean sd mean sd niean sl
1ivIH 30v | v @ | 24 Jais2| o4 {iso| .06 [144] 05 | 145 a8 191w 138 | 04
2 |V 3av v 0 T4 Q182 ) M | e8| 05 [ an | o5 |12 os | 9] o5 | Lez K7 238 ) 10 | e
12V av | v ] o3 | 5o Jow| o | 0o 04 | 06| e 094 | .05 Lona| s | g 4 || 4 oed | oe
4 VIL 3.6V vV jos |36 Qe o |aws| o4 lraf 05 (100 o | 1is) a5 | 1a4 . 52 | .ass] L o
s lun pa ) g w g oo || o ool e o] ala] e a 76 [ oar | 11 [ a2 ]| a6 | ooz [ o
6 L4 wa | | e | e o gojolafo; o] ef.a] o |dm R F ©17 | 25
1 (1ozE A | o[ 10 |ou ¢ ¢ o lon | e e o | ws] a R 1.1 15 [ 134 ] e |00 | 16
8 [WzL pad | 0 | 1o ' o | o] o o [ | a0 [T 49 10 [=o08| 23 [ -003] o8
g et ma| o | s 31 29 39 1o 4 7| |z | s
1n1cez ma | ¢ | 3 01 o o 0 ¢ [aa0 | o [ o] a2
11 1ces ma | o | s 26 29 a1 19 5; 35§ 13
_ll ICC4 mi 1} 63 A7 14 T 20 .24
13 |1ccs ma | o | 1 a1 01 o a3 03
14 [ICC6 ma ! 75 27 A5 2l 17 1w | A8
15 [Tad_Ly ns ] 35 _ 16 1y | 26 19, §f 3.0E5 .2 o3
16 |TAA_HL s | a0 | 3s 64 [ 931 | 49 [9a8 | 6o [gtne]2snalinmi] ss A | 2.585 |1 53 |
Notes:

1/ The mean and standard deviation values were caleulated over the five
The contrel sample remained constant throughout
2/ "P" indicates that ail parts passed this test at this
failed this test at this irtadiation ar annealing lav
faued 1his test ar this irradiation or anncaling
3/ These arc mamifacturer's pre-imadiation data sheet specification Hmits.
manulacturer a4 the ime these tests were performed.
4/ Aller the 30 kead imadiation, some parts had readings
Test cesults are then indicated as Pass/Fail, as in note

were provided by the

"
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parts irradiated in (lus testing.
the testing and is not included in this table.
irradiatton or annealing level. "F" indicates that all parts
el. "nPmP" indicates that 1 parts passed and m paits

level.
No post-irradiation limis

cxceeding the proset limits of the tesl equipment {128 pA).




